In patients with chronic mitral regurgitation, standard mitral valve replacement in which the chordae tendineae are transected (MVR-CT) usually results in a decrease in left ventricular ejection performance.1-7 Reduced postoperative ejection performance has been attributed to the immediate increase in afterload (systolic wall stress) that accompanies the abolition of the low-impedance pathway for ejection into the left atrium89 and to ventricular dysfunction caused by dis-ruption of the mitral valve apparatus.5,10"'1 In contrast to MVR-CT, valve repair or valve replacement during which the mitral valve apparatus is preserved (MVR-CP) does not result in this fall in postoperative ejection performance.5"12-14 Because these latter procedures also remove the low-impedance left atrial ejection pathway, they might also be expected to cause changes in loading conditions similar to MVR-CT. In both situations, afterload should increase, causing a decrease in ejection performance. Thus, it is unclear how ejection performance is maintained instead of reduced after procedures that conserve the mitral apparatus. To date, although many studies have documented that mitral apparatus preservation results in normal postoperative ejection performance, none have examined changes in postoperative loading conditions that affect ejection performance, and none have explained the mechanisms causing the differences in postoperative ejection performance between chord-conservative and chord-ablative procedures. The major determinants of ejection perfor-mance are preload, afterload, and contractility. Thus, differences in loading or contractility should explain the observed differences in ejection performance between procedures that preserve versus those that ablate the mitral valve apparatus. In this study, we tested the specific hypothesis that differences in postoperative loading produced by these two different types of mitral valve operations helped explain the observed differences in ejection performance. A further increase in preload after apparatus-conserving procedures could have maintained ejection performance, but this seemed an unlikely occurrence in ventricles that were already volume-overloaded. Therefore, we suspected that it was afterload that failed to increase despite closure of the low-impedance pathway that helped explain maintenance of ejection performance after MVR-CP. To test this hypothesis, we examined performance and loading before and after surgery in two groups of patients: those undergoing MVR-CT and those undergoing MVR-CP. Although this study ignores a variety of other surgical techniques used to correct chronic mitral regurgitation while preserving the mitral apparatus (e.g., primary mitral valve reconstruction), the experimental design of the present study has the advantage that both groups of patients received a mitral valve prosthesis; the only difference between the groups was the preservation or transection of the chordal attachments.
Methods

Patient Selection
Fifteen consecutive, symptomatic patients undergoing mitral valve surgery for pure chronic mitral regurgitation at the Medical University of South Carolina were studied. All gave informed consent. Patients were excluded from the study if they had significant coronary disease; aortic, pulmonic, or tricuspid valve disease; mitral stenosis; or poor-quality echocardiograms. The decision to perform mitral valve surgery was made by physicians not involved in this study and was based on clinical, echocardiographic, hemodynamic, and angiographic criteria. The decision regarding the type of corrective surgery that was performed was made by the cardiovascular surgeon on the sole basis of intraoperative anatomic status of the mitral valve. The mitral apparatus was preserved when possible but ablated when necessary. Thus, this was not a randomized trial.
Each patient was evaluated for symptoms and assigned a functional classification in accordance with the New York Heart Association criteria. All medications being administered before and after mitral valve surgery were recorded. Severe mitral regurgitation was demonstrated in all patients at left ventriculography. 
Postoperative Echocardiographic Data
Although end-diastolic volumes were similar in the two groups before surgery, Figure 3 demonstrates that after surgery there was a significant fall in end-diastolic volume in the MVR-CP group, whereas no change in end-diastolic volume occurred in the MVR-CT group. After surgery, end-diastolic volume was significantly smaller in MVR-CP patients than in MVR-CT patients. Figure 4 demonstrates that circumferential end-systolic stress in the two groups was also similar before surgery. After surgery, end-systolic stress increased significantly from 89±9 to 111±12 g/cm2 in the MVR-CT group. In the MVR-CP group, however, there was actually a significant decrease in end-systolic stress from 95±6 to 66+6 g/cm2. These opposite and significant changes in end-systolic stress produced a significant difference in end-systolic stress between the two groups after surgery. Figure 5 demonstrates that changes in end-systolic volume mirrored changes in end-systolic stress. In the MVR-CT group, end-systolic volume increased significantly, whereas in the MVR-CP group, end-systolic volume fell significantly. Figure 6 demonstrates that ejection fraction, a reflection of the interaction of the changes noted above, was significantly reduced after surgery in the MVR-CT group but unchanged in the MVR-CP group. Ejection fraction was also significantly worse in the MVR-CT group compared with the MVR-CP group. Figure 7 demonstrates the ratio of systolic long to short axis, an index of ventricular shape. This ratio fell after surgery in the MVR-CT group, indicating a shape change toward spherical in that group.
We further analyzed the results of those MVR-CP patients who had one versus both sets of chordae tendineae preserved. No differences were found. However, there were only a small number of patients in each subset, reducing the chance of finding a statistical difference.
Discussion
The purpose of this study was to help define the mechanisms by which ejection performance is preserved after MVR-CP but declines after MVR-CT. MVR-CT resulted in a decrease in ejection performance. This decline resulted from an increase in postoperative endsystolic volume that probably was caused by the observed increase in postoperative end-systolic stress. The shape change toward spherical that we observed in the MVR-CT group probably also was responsible for the impaired ejection performance.18 Unexpectedly, despite removal of the volume overload, end-diastolic volume did not fall significantly in this group. A likely explanation for this finding is that the increased afterload (afterload mismatch19) led to the use of preload reserve, which prevented the end-diastolic volume from falling after surgery. It is also possible that with time, end-diastolic volume may decrease as ventricular remodeling occurs in this group.
By contrast, MVR-CP resulted in no significant change in ejection performance. Preservation of ejection performance resulted from a complex interaction of contractile function, preload, and afterload. Reduced preload, indicated by the reduction in end-diastolic volume that we measured in the MVR-CP group, would have actually tended to reduce ejection performance. However, reduced preload also allowed ventricular chamber size to be reduced. Reduced chamber size reduced the radius (or dimension) term in the wall stress equation, allowing systolic wall stress (afterload) to also be reduced. Reduced afterload, probably in conjunction with better contractile function as a result of chordal preservation,20,2' allowed a smaller endsystolic volume, offsetting the fall in end-diastolic vol- Although our study found that chordal preservation maintained ventricular performance, at least in part as a result of reduced afterload compared with chordal transection, our study did not specifically examine the effects of chordal preservation on chamber contractile function. In the normal heart with normal papillaryannular continuity, Rushmer20 found that during contraction in the early isovolumic portion of systole, shortening of the major axis produced lengthening of the minor axis, causing the left ventricle to become more spherical. Early movement of the atrioventricular ring toward the apex produced by papillary muscle contraction may increase preload in the circumferential midwall fibers and enhance ejection performance via the Frank-Starling mechanism. This early systolic shape change toward spherical, which is beneficial, should not be confused with late sphericity, which may be detrimental. ' Taken together, these data suggest that reduced chamber size, reduced systolic load, and preservation of chamber contractile function act in concert to maintain ejection performance after chordal-conservative procedures for correction of mitral regurgitation. Conversely, an increased chamber size, increased systolic load, and probable reduction in chamber contractile function act in concert to reduce ejection performance after MVR-CT.
Limitations
A limitation of this study is that it was not a prospective, randomized trial. The decision regarding the choice of corrective procedures was left entirely to the operating surgeon and was not based on preoperative hemodynamic or echocardiographic data. The purpose of randomization, however, is to eliminate differences other than the experimental variable being tested as causes for the observed results. In this regard, all of the preoperative clinical hemodynamic and echocardiographic variables were comparable in the two groups. Thus, the patients in the two groups were similar to one another before surgery. We believe that the significant postoperative differences we observed are based primarily on differences accrued from chordal transection versus preservation. We cannot rule out, however, that subtle differences between the groups caused by selection bias impinged on our results.
It is well recognized that in the postoperative period, abnormal motion of the interventricular septum may occur in some patients after mitral valve replacement and may alter the indexes of ejection performance. This is most important when M-mode echocardiographic measurements are used. In the present study, dimensions and thickness were determined by both twodimensional and M-mode measurements. More importantly, mitral valve replacement was performed in both experimental groups, which should control for this potential problem.
Finally, differences in ventricular performance have been noted when midwall fiber shortening versus endocardial shortening is examined. 33 We believe that examination of muscle performance is best served by midwall fiber examination, whereas examination of pump performance is best examined by endocardial shortening, because the latter is responsible for expulsion of volume from the heart. In this study, our purpose was to examine pump performance, not contractile function; therefore, we examined endocardial volumes and shortening.
Summary
Data from the present study help reconcile the observed differences in ejection performance after MVR-CP versus MVR-CT. Both surgical procedures restore mitral competence and remove the low-impedance left atrial ejection pathway. Although these events might be expected to have similar effects on left ventricular afterload, our data demonstrate that severing the chordae tendineae causes an increase in afterload and a decrease in ejection performance. In contrast, chordal preservation allows a smaller chamber size, prevents the postoperative increase in systolic stress, and maintains normal ejection performance. This study implies that in patients with marginal or diminished preoperative left ventricular function, every effort should be made to preserve the chordae tendineae with the aim of minimizing or eliminating a postoperative decline in left ventricular systolic function.
